Recent investigations have shown that intestinal trypsin and chymotrypsin exert a negative feedback control on pancreatic enzyme secretion in the rat. The present study was conducted to see if soybean trypsin inhibitor ( SBTI ) effected changes in the intestinal activities of these enzymes which could provide an explanation for the pancreatic enzyme response evoked when SBTI is fed to rats. Rats were intubated with either a control diet or diet containing SBTI. One hour after feeding, intestinal contents were removed and washed with either saline or saline containing chicken ovomucoid. Trypsin and amylase activities were determined and chymotrypsin activity was mea sured before and after incubation with trypsin. In control rats, intestinal chymotrypsin activity was not increased by incubation with trypsin. In animals fed SBTI, however, trypsin incubation increased intestinal chymotrypsin activity to 3 to 5 times the preincubation levels. Intestinal trypsin activity of rats fed SBTI was reduced to less than 10% of control values. Continuous infusion of purified bovine chymotrypsin or chymotrypsinogen into rats with a bile-pancreatic juice fistula demonstrated that while chymotrypsin suppressed pancreatic enzyme output, chymotrypsinogen did not. It was concluded, therefore, that SBTI acts to stimulate pancreatic secretion by binding intesti nal trypsin so tightly it cannot fully activate chymotrypsinogen. Since chymotrypsinogen cannot suppress pancreatic secretion, SBTI effectively removes both enzymes from the intestine. An increased pancreatic enzyme secretion is initiated because of loss of the negative feedback regulation normally exerted by the active enzymes.
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If, in fact, SBTI does cause pancreatic secretion by binding intestinal proteases, and explanation must be provided for the high level of chymotrypsin activity in the intestine of rats fed SBTI, since chymo trypsin is as effective as is trypsin for sup pressing pancreatic enzyme output in the rat. Green -has reported observations which suggest that the high intestinal chymotrypsin activity may be an artifact produced during preparation of the intesti nal contents for enzyme analyses and that, in vivo, the enzyme may be present mainly as its unactivated zymogen.
The experiments to be reported, there fore, were designed to test the hypothesis that intestinal trypsin is bound so tightly by the inhibitor it cannot activate chymotrypsinogen, which in its zymogen form cannot suppress pancreatic secretion.
EXPERIMENTAL METHODS
Animals and preparation of intestinal contents. Male, Sprague-Dawley rats3 weighing about 150 g, were maintained on laboratory stock diet4 prior to an experi ment. Animals were fasted overnight (ap proximately 18 hours), then were fed, by tube, about 2 g of a casein diet5 mixed with enough purified trypsin inhibitor8 to provide 75 mg of SBTI per 100 g body weight. Control animals were fed the same diet, except that additional casein was sub stituted for the trypsin inhibitor. One hour after feeding, the rats were exsanguinated by decapitation and the entire small in testine from the pylorus to the ileal-cecal junction was quickly removed and chilled in ice. It was then divided into four equal parts and the contents were washed from each segment with two rinsings (2.5 ml each) of cold saline or cold saline contain ing 100 Â¡Â¿g chicken ovomucoid (OMTI)6/ ml. (Chicken ovomucoid is an almost pure trypsin inhibitor and contains little or no chymotrypsin inhibitor activity. Its inclu sion in the rinse was to prevent activation of chymotrypsinogen by any free trypsin during the preparation of the intestinal contents.) Total contents and washings were brought to 20 ml and homogenized in a glass grinder for 1 minute. Ten milliliters of the homogenate was centrifuged and the supernatant was directly assayed for chymotrypsin and trypsin activity by the method of Hummel (11) substrate for the former and tosyl-arginyl methyl ester 6 ( TAME ) for the latter. An other aliquot of the supernatant was incu bated with trypsin (800 /xg/ml) at 0Â°Cto activate any chymotrypsinogen and then the total chymotrypsin activity of the in testinal contents was measured. BTEE and TAME units were converted to equivalent milligrams of purified bovine chymotryp sin6 (EC 3.4.4.5) or trypsin6 (EC 3.4.4.4) activity in the total intestinal contents (12). The remaining 10 ml of homogenate was frozen and assayed at a later time for amylase (EC 3.2.1.1) activity by the method of Smith and Roe (13) .
Collection of bile-pancreatic juice and enzyme infusions in the conscious rat.
These experiments involved use of the con scious rat, surgically prepared so that en zymes could be infused into the intestine at the same time enzyme activity of the bile-pancreatic juice was determined. Briefly, male Wistar rats ' weighing 300 to 325 g were anesthetized. The duodenum was exposed and the junction at which the common bile-pancreatic duct enters the in testine was located. A cannula was inserted into the common duct near the ampulla, for collection of the bile-pancreatic juice which began flowing immediately. A sec ond cannula was inserted into the intestine near the ampulla for returning the juice to the intestine or for infusing it with en zymes or other substances during an ex periment. The abdominal incision was closed and the animals were placed in a restraining cage (Bollman type) and al lowed to recover from the operation for about 48 hours. During this period, animals were fed the laboratory stock diet ad libitum. Details of the operative procedure have been reported by Green et al. (IO) . Prior to each experiment, the surgically modified rat was fasted for about 8 hours. Bile-pancreatic juice was analyzed for chymotrypsin ( 11 ) by activating the zymogen in 25 Â¡A of the juice with 475 Â¡A of a trypsin solution (40 /xg trypsin/ml in 0.04 M Tris-HCl, 0.01 M CaCl2 buffer at pH 8.1) and incubating for 15 minutes at 0Â°.
During a typical experiment, purified bovine chymotrypsin (10 mg/ml in 0.05 N NaHCO,) plus OMTI (1 mg/ml) was in fused into the small intestine at a rate of 3 ml/hour, for a period of at least 2.5 hours.
At half-hour intervals during this basal period a sample of the collected juice was analyzed for chymotrypsin activity. At the completion of the basal period, either chy motrypsin was deleted from the bicar bonate solution or else chymotrypsinogen Â°( 10 mg/ml) was substituted and changes in enzyme activity of the secreted juice determined. Chymotrypsinogen, when fully activated, had nearly the same specific en zyme activity as did the chymotrypsin, so both were infused at similar rates and con centrations. We found it necessary to add a small amount of OMTI ( 1 mg/ml ) to the infÃºsateto prevent activation of the chymo trypsinogen by traces of active trypsin which might be remaining in the intestinal tract and was also present in most of the chymotrypsinogen preparations. Conse quently, we included an equal amount of OMTI in all experiments. Upon comple tion of an experiment, the bile-pancreatic duct cannula was reconnected to the intes tinal cannula, so that a normal enterohepatic circulation of bile and pancreatic juice was maintained. Statistical compari sons were made using the t test described by Snedecor ( 14 ) . Differences in mean values yielding P < 0.05 were considered significant. Table 1 shows intestinal chymotrypsin activity, before and after incubation with trypsin, 1 hour after a single feeding of diet or of diet and SBTI. In control animals ( group 1 ) incubation of the intestinal con tents with trypsin had no effect on intes tinal chymotrypsin activity. However, in the SBTI-fed animals (groups 2 and 3) incubation of the contents with trypsin in creased the chymotrypsin activity nearly fivefold. Washing the contents with saline plus OMTI decreased the initial chymo trypsin activity even further below that of the group fed SBTI, but washed only with saline. After trypsin incubation, the chymo trypsin activity in the intestinal contents of SBTI-fed animals was significantly higher ( P < 0.01 ) than the activities seen in the controls.
RESULTS
The amount of active trypsin detected in the contents of animals fed SBTI was only 'SBTI = soybean trypsin inhibitor; OMTI = chicken ovomucoid. ' Enzyme activities expressed as milligrams purified bovine chymotrypsin or trypsin/total intestinal contents/100 g body weight; amylase activity is in Smith and Roe units/total intestinal contents/100 g BW (13) . a Mean Â±SEM of five animals per group.
*Alean Â±9EM of four animals per group. Sta tistical comparisons: Chymotrypsin activity of groups 2 and 3 significantly higher (P < 0.02 and P < 0.01, respectively) than control activity after incubation with trypsin. Chymotrypsin activity of groups 2 and 3 before incubation significantly lower (P < 0.01) than activity after incubation with trypsin. Trypsin activity of groups 2 and 3 significantly lower (P < 0.01) than control activity. Amylase activity of groups 2 and 3 significantly higher (P < 0.01) than control activity.
about one-tenth that of the control rats, indicating that the intestinal enzyme was nearly completely bound by the inhibitor. Intestinal amylase activity was greatly stimulated also by feeding SBTI. This ob servation has been reported by others pre viously (2-4).
These results show that when SBTI is fed to rats, most of the chymotrypsin in the small intestine is present as chymotrypsinogen, apparently because insufficient free trypsin is present to catalyze the acti vation of the zymogen. Since greater than normal amounts of chymotrypsinogen would be present in the intestine of rats fed SBTI, our next efforts were directed towards establishing whether chymotryp sinogen would be unable to suppress pan creatic enzyme secretion. In order to do this, we used the conscious rat, prepared so that either chymotrypsin or chymotryp sinogen could be infused into the intestine while pancreatic enzyme output was being determined in the bile-pancreatic juice.
Results from a series of experiments con ducted with individual rats are shown in figure 1 . Figure la shows that when a solu tion of sodium bicarbonate and bovine chymotrypsin was infused at a rate of 30 mg/hour, enzyme secretion was maintained at a relatively constant rate. This rate of enzyme output was similar to what we had reported (10) previously when bileâ€"pan creatic juice was returned to the intestine. When the chymotrypsin infusion was dis continued ( fig. Ib) , enzyme output in creased immediately as it also did when the chymotrypsin was replaced with chy motrypsinogen (fig. le) . Chymotrypsinogen, therefore, does not suppress pancreatic en zyme secretion in the rat as does active chymotrypsin.
DISCUSSION
The results of these experiments provide further evidence that active chymotrypsin, in the small intestine, exerts a regulatory influence on pancreatic enzyme secretion by a mechanism of negative feedback con trol. When the enzyme is infused into the intestine, pancreatic enzyme secretion was suppressed; when it is removed, enzyme output increased nearly threefold ( fig. la  and b) . In addition, the results indicate that disruption of this feedback regulation is the likely mechanism by which SBTI, when fed to rats, evokes a copious outpour ing of enzymes even though greater than normal amounts of chymotrypsin activity appear to be present in the small intestine (8) . When rats are fed a single meal con taining SBTI, it tightly binds the secreted trypsin in the upper small intestine as rap idly as it becomes activated. In the absence of trypsin, chymotrypsinogen is not acti vated. Since the inactive zymogen does not exert feedback control on enzyme secretion ( fig. le ) the effect is the same as removing both enzymes from the intestine, and the pancreas responds by uninhibited secretion of its enzymes. The considerable amount of active chymotrypsin detected in the small intestine of rats 2 or 3 hours after a single feeding of SBTI (8) probably arises from its activation by traces of trypsin during preparation of the intestinal contents for analysis. The evidence for this happening would be the lower chymotrypsin activity detected prior to incubation with trypsin when the intestinal contents were washed with the OMTI solution than when washed only with cold saline. Results recently ob tained (unpublished) have also indicated that the proteolytic enzymes do not exert their suppression of pancreatic enzyme se cretion when introduced into the lower half of the small intestine. Quite possibly some activation of the zymogen could occur dur ing transport through the gut, but too late to be effective for suppression of enzyme secretion.
Lepkovsky et al. (15) have questioned whether raw soybean meal or trypsin in hibitors really stimulate pancreatic enzyme secretion in rats, since, at the time of their studies, evidence for such a stimulation had been obtained only by indirect methods in volving changes in pancreatic and intesti nal enzyme activities. In their experiments, they succeeded in collecting pancreatic juice from four rats given, successively, heated soybean and raw soybean diets over a period of 9 days. When these diets were given in reversed order, they found no appreciable differences in enzyme content of the secreted juice. Our investigations in the rat with a bile-pancreatic fistula (9, 10) have clearly shown that when pan creatic juice (bile-pancreatic juice) is re turned, a single feeding of diet and SBTI produced a four-to fivefold increase in pancreatic enzyme output. Complete with drawal of the juice or the proteolytic en zymes from the intestine evoked a similar discharge of enzymes initially, but after several hours enzyme secretion declined to levels approximately 2 times higher than the basal secretions ( 10 ) . Administration of SBTI during the time the pancreatic en zymes were diverted failed to evoke any further response. Inasmuch as the animais in the experiment by Lepkovsky et al. had their pancreatic secretions diverted from the intestine, little additional influence of the raw soybean meal (trypsin inhibitor) would be expected. We feel, therefore, that previous results (1) (2) (3) (4) (6) (7) (8) showing changes in pancreatic and intestinal enzyme activi ties of rats fed SBTI or raw soybean meal do reflect, reasonably accurately, the in fluence of the trypsin inhibitor on pan creatic enzyme output.
The results of this and the previous studies (9, 10) indicate that SBTI acts to evoke a pancreatic enzyme response by effectively removing active trypsin and chymotrypsin from the intestine, thereby preventing their normal feedback regula tion of secretion. Little is known as to how the enzymes accomplish this intraintestinal control. A mechanism discussed previously (9) proposed that trypsin or chymotrypsin in the intestine interfered with the release of a humoral factor similar to or identi cal with cholecystokinin-pancreozymin, a known pancreatic enzyme stimulant. Re moval of the enzymes from the intestine would result in the release of the humoral factor which then stimulates pancreatic en zyme secretion. Evidence for the existence of such a factor in the blood of rats fed SBTI has been reported (16) . However, the nature of the factor and how its release is mediated by removal of trypsin or chy motrypsin from the intestine is not known. Investigations designed to answer these questions are now in progress.
